Oscillations do not distinguish between massive and tachyonic neutrinos 



Pawel Caban0 Jakub RembieliriskiQ Kordian A. Smoliriski0 and Zbigniew Walczaljl 
Department of Theoretical Physics, University of Lodz, ul. Pomorska 149/153, 90-236 Lodz, Poland 

(Dated: February 1, 2008) 

It is shown that the hypothesis of tachyonic neutrinos leads to the same oscillations effect as if they were usual 
massive particles. Therefore, the experimental evidence of neutrino oscillations does not distinguish between 
massive and tachyonic neutrinos. 
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In the last two decades one of the most interesting problems 
in the particle physics is the issue of neutrino masses [jj. The 
flavor oscillations are the indirect evidence for non-zero 
neutrino masses. On the other hand, the experiments devoted 
to direct measurement of the neutrino mass permanentlyyield 
the negative mass squared for the electron neutrino 0.|5|l ™d 
the muon neutrino fb] (for a review, see also fT]). In particular, 
the most sensitive neutrino mass measurement involving elec- 
tron antineutrino, is based on fitting the shape of beta spec- 
trum. An as yet not understood event excess near the spectrum 
endpoint can be explained 1 8, 9] on the ground of the hypothe- 
sis of the tachyonic neutrinos 1 10]. The above hypothesis can 
be also helpful in explanation of some effects in cosmic ray 
spectrum Illl[l3.fl3ll . From the theoretical point of view, this 
hypothesis can be formulated consistently only in the frame- 
work of the absolute synchronization scheme [14, .15.1 which 
needs the notion of preferred frame. 

The aim of this report is to compare the flavor change effect 
for the massive and tachyonic neutrinos. Calculations will be 
performed in the preferred frame, in which the metric tensor 
has the standard Minkowskian form. 

Let us consider three flavors of neutrinos. We shall denote 
the neutrino flavor states by 
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The \p) denotes the vector from the representation space of 
the Poincare group, corresponding to the momentum p. 

In the basis Q the free Hamiltonian describing neutrinos 
can be written as 
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Here mj (J — 1,2,3) are the absolute values of the squares of 
neutrino four-momenta and the choice of the sign corresponds 
to the massive (+) and tachyonic (— ) case, moreover, \p\ > 
maxjitij in the tachyonic case. 

Following the standard procedure, we consider the time 
evolution of the neutrino state. Assume that the initial state 
V,) (/ = e,/X,T) is an eigenstate of the fractional lepton num- 
ber operator. Thus, after time f the probability that we get the 
neutrino Vk is given by 



,(f) = |(v,|C/V''«''C/|v,} 
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Now, taking @ in the limit \p\ ^ nij, we can expand the 
matrix elements of the Hamiltonian as follows 



Using Q we obtain from Q 
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On introducing the polar representation such that 
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(6) 



(7a) 
(7b) 
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where f/ is a 3 x 3 unitary mixing matrix, acting in each sub- 
space of the Hilbert space determined by momentum p, and 
the Hamiltonian Hq in the mass eigenstates basis is of the form 
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and 
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2/7 2p 
we can write (|6jl in the following form: 
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Pv,^v,it) = |M;ip|My,f + 2 ^ rj{i,k)cos[cOjt±ejii,k)], 
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where, as before, the signs + and — correspond to massive 
and tachyonic neutrinos, respectively. In particular, if k = i 
then Oj (/, /) = = 1 , 2, 3) and 

3 3 

Pv.^v.{t) = ^ + 2 ^ rj{i,i)cos{cOjt), (10) 

j=i j=i 

so this probability is the same for massive and tachyonic neu- 
trinos. 

We have shown that the only difference between the neu- 
trino oscillations in the massive and tachyonic case lies in 
the initial phase of oscillations 9j{i,k). Moreover, the initial 



phases for tachyonic case are obtained by taking the complex 
conjugations of the elements of mixing matrix for the mas- 
sive case (see Eqs. 0). In the oscillation experiments we 
cannot decide wheter we should take the mixing matrix U or 
its complex conjugation U* without taking into account the 
nature of the neutrinos. More precisely, we can explain the 
oscillations for massive or tachyonic neutrinos simply by the 
different choice of the mixing matrix (U or U*). Therefore, 
the experimental evidence of neutrino oscillations does not 
distinguish between massive and tachyonic neutrinos which, 
together with other experiments |4, 5,6] leave the question of 
tachyonic character of the neutrinos still open. 
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